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ABSTRACT
Context. We present molecular line and dust continuum observations of a Planck-detected cold cloud, G074.11+00.11.
The cloud consists of a system of curved filaments and a central star-forming clump. The clump is associated with
several infrared sources and H2O maser emission.
Aims. We aim to determine the mass distribution and gas dynamics within the clump, to investigate if the filamentary
structure seen around the clump repeats itself on a smaller scale, and to estimate the fractions of mass contained in
dense cores and filaments. The velocity distribution of pristine dense gas can be used to investigate the global dynamical
state of the clump, the role of filamentary inflows, filament fragmentation and core accretion.
Methods. We use molecular line and continuum observations from single dish observatories and interferometric facilities
to study the kinematics of the region.
Results. The molecular line observations show that the central clump may have formed as a result of a large-scale
filament collision. The central clump contains three compact cores. Assuming a distance of 2.3 kpc, based on Gaia
observations and a three-dimensional extinction method of background stars, the mass of the central clump exceeds
700 M, which is roughly ∼ 25% of the total mass of the cloud. Our virial analysis suggests that the central clump and
all identified substructures are collapsing. We find no evidence for small-scale filaments associated with the cores.
Conclusions. Our observations indicate that the clump is fragmented into three cores with masses in the range [10,50]
M and that all three are collapsing. The presence of an H2O maser emission suggests active star formation. However,
the CO lines show only weak signs of outflows. We suggest that the region is young and any processes leading to star
formation have just recently begun.
Key words. Interstellar medium (ISM): Clouds – ISM: – ISM: Kinematics and dynamics – Structure – Physical processes:
Emission
1. Introduction
Our understanding of the low-mass star formation has im-
proved considerably, but it is still unclear how high-mass
stars and clusters form. High-mass stars have a high im-
pact on their surrounding medium because of their higher
luminosities, winds, and, at their later evolutionary stages,
trough supernova explosions. Moreover, expanding HII re-
gions associated with young massive stars may trigger
subsequent star formation (Karr & Martin 2003; Lee &
Chen 2007). Observational studies of regions where high-
mass stars are thought to form are challenging due to
high column densities and large distances, thus requiring
observations at different scales and wavelengths. On the
other hand, clustered star formation can also be studied
towards intermediate-mass star forming regions that are
found closer to the Sun and often have lower column densi-
ties than high-mass star forming regions (Alonso-Albi et al.
2009), thus making them prime regions to study.
Herschel observations show that filamentary clouds are
important for star formation in nearby molecular clouds
(André et al. 2014; Molinari et al. 2010a). Filaments can
also have a central role in the formation of stellar clus-
ters. As discussed by Myers (2009), clusters are often found
at ’hubs’ where several filaments cross (see also Busquet
et al. 2013). Besides accreting mass from their surround-
ings and giving rise to dense cores through fragmentation,
anisotropic infall along filaments may help protostellar clus-
ters to accrete their mass (e.g., Yuan et al. 2018; Liu et al.
2016, 2015; Peretto et al. 2013).
Magnetohydrodynamic simulations show that converg-
ing flows in highly turbulent medium form filamentary
structures (Padoan et al. 2001). Several filaments found
around stellar clusters can have formed through this pro-
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cess (Liu et al. 2012b; Galván-Madrid et al. 2010). Tran-
sient, dense filaments can also form during the collapse
of a parsec-scale turbulent clump (Wang et al. 2010). In
this case, gravity determines where the filaments converge,
and where the stars are formed. These filaments are ex-
pected to show longitudinal velocity gradients owing to ma-
terial flow towards the centre of gravity. In the latter sce-
nario, it is not clear whether gravitationally bound, massive
(Mcore > 100M, Giannetti et al. 2013) prestellar cores can
be identified inside the collapsing clump (Tan et al. 2014).
We have mapped a star-forming clump residing in
the Planck-detected cold cloud PLCKECC G074.11+00.11
with the Submillimetre Array (SMA), and with several sin-
gle dish telescopes. The clump, associated with an intrigu-
ing system of curved filaments, shows signatures of on-going
star formation, including several near infrared sources, and
H2O maser emission. Following the argumentation of Liu
et al. (2012a) and Liu et al. (2015), the morphology of
G074.11+00.11 suggests that we are seeing a flattened, ro-
tating cloud nearly face on. Because of the favourable ori-
entation, relative proximity of ∼ 2 kpc, and relatively high
mass exceeding 1000 M, G074.11+00.11 is particularly
well suited for a case study, complementing statistical sur-
veys and numerical work aimed at a better understanding
of intermediate-mass and clustered star formation.
The rest of this paper is organized as follows: In Sect.
2, we give an overview of our observations. We present our
main results in Sect. 3 and discuss them in Sect. 4. Finally,
in Sect. 5 we summarise our results.
2. Observations
2.1. Dust continuum
We used archival observations from the Herschel Infrared
Galactic Plane Survey (Hi-GAL, Molinari et al. 2010b). The
Hi-GAL survey used both PACS (Poglitsch et al. 2010) and
SPIRE (Griffin et al. 2010) instruments, in parallel mode,
using a scan speed of 60′′ s−1 for both instruments, to carry
out a survey of the entire Galactic plane (±1◦). The obser-
vations cover the 70, 160, 250, 350, and 500 µm bands with
angular resolution of 8.5′′, 13.5′′, 18.2′′, 24.9′′, and 36.3′′,
respectively. An RGB image of the entire mapped region is
shown in Fig. 1. We adopted an error estimate of 10% for
the Herschel observations, which corresponds to the error
estimate of PACS data when combined with SPIRE 1.
The SCUBA-2 (The Submillimetre Common User
Bolometer Array 2, Holland et al. 2013), at the James Clerk
Maxwell Telescope (JCMT), is a dual-wavelength cam-
era capable of observing the same field-of-view simultane-
ously at 450 µm and 850 µm. G074.11+00.11 was observed
by SCUBA-2 as a pilot study of the JCMT legacy sur-
vey: SCOPE (SCUBA-2 Continuum Observations of Pre-
protostellar Evolution; Liu et al. 2018; Eden et al. 2019).
However, the signal-to-noise level in the 450 µm band is
low, only the densest peak of the clump is visible, thus we
only analysed the 850 µm observations. The effective beam
full width at half maximum (FWHM) of the SCUBA-2 at
850 µm is 14.1′′ and the observations have a rms level of
∼ 0.004 mJy arcsec−2. The 850 µm map is shown as a
contours in Fig. 2. A more detailed description of the data
reduction is given by Liu et al. (2018).
1 http://Herschel.esac.esa.int/twiki/bin/view/Public/
PacsCalibrationWeb
2.2. Single dish observations
We used observations from the Qinghai 13.7 m radio tele-
scope of the Purple Mountain Observatory (PMO), covering
the CO isotopologues in the J = 1−0 transition (Liu et al.
2013; Meng et al. 2013; Wu et al. 2012; Liu et al. 2012c).
The half power beam width (HPBW) of the telescope at 110
GHz is ∼ 51′′ and the main beam efficiency is 56.2%. The
front end is a 9-beam Superconducting Spectroscopic Array
Receiver with sideband separation (Shan et al. 2012) and
was used in single-sideband (SSB) mode. A Fast Fourier
Transform spectrometer with a total bandwidth of 1 GHz
and 16 384 channels was used as a backend. The resulting
velocity resolutions of the 12CO and 13CO observations are
0.16 km s−1 and 0.17 km s−1, respectively. The C18O line
has a low signal-to-noise ratio and is not analysed further.
The On-The-Fly (OTF) observing mode was applied, with
the antenna continuously scanning a region of 22′ × 22′
with a scan speed of 20′′ s−1. The typical rms noise level
is 0.07 K in Tmb for 12CO, and 0.04 K for 13CO. The de-
tails of the mapping observations can be found in Liu et al.
(2012c) and Meng et al. (2013).
Several molecular lines tracing dense gas, for exam-
ple N2H+, HCO+, were observed with a single antenna
of the Korean Very Long Baseline Interferometry Network
(KVN). The network consists of three 21 meter antennas
with HPBW ranging from 127′′ at 22 GHz to 23′′ at 129
GHz. The KVN telescopes can operate at four frequency
bands (i.e., 22, 44, 86, and 129 GHz) simultaneously. The
main beam efficiencies are ∼ 50% at 22 GHz and 44 GHz
and ∼ 40% at 86 GHz and 129 GHz The observations con-
sist of nine pointings (see Fig. 3) covering the densest region
of the clump and the surrounding structures. The velocity
resolution of the observations varies from 0.03 km s−1 to
0.21 km s−1 and the rms noise varies from 0.02 K to 0.04 K
in Tmb. More details about KVN observations can be found
in Liu et al. (2018).
The 12CO and 13CO J = 2−1 transitions were observed
towards the densest region of the clump with the Submil-
limeter Telescope (SMT) as part of the SAMPLING survey
(The SMT "All-sky" Mapping of PLanck Interstellar Neb-
ulae; Wang et al. 2018). The SMT has a HPBW of ∼ 36′′ at
230 GHz and the observations have a velocity resolution of
0.33 km s−1 and rms noise of 0.02 K in Tmb for 12CO, and
0.01 K for 13CO. The main beam efficiency is on average
74%. All of the observed lines are summarised in Table 1.
2.3. Interferometric observations
To determine the internal structure and velocity field in-
side the clump, we used the Submillimeter Array 2 (SMA;
Ho et al. 2004). The observations cover three tracks, two in
sub-compact configuration and one in compact configura-
tion, observed in June and August 2016. The characteristic
resolutions of the configurations are ∼ 5′′ and 2.5′′ at 345
GHz for the sub-compact and compact configurations, re-
spectively. Each track consists of three pointings, covering
the densest region of the clump as shown in Fig. 3. In this
paper we concentrate on the 12CO and 13CO J = 2−1 lines.
The observations have an angular resolution of ∼ 3.82′′ ×
2 The Submillimeter Array is a joint project between the Smith-
sonian Astrophysical Observatory and the Academia Sinica In-
stitute of Astronomy and Astrophysics, and is funded by the
Smithsonian Institution and the Academia Sinica.
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Fig. 1. An RGB image of the PLCKECC G074.11+00.11. The colours correspond to SPIRE and PACS observations at wavelengths
160 µm (in red), 250 µm (in green), and 350 µm (in blue). The white rectangle shows the extent of the CO observations.
2.42′′ (the beam position angle is bpa = 85.32◦) and a ve-
locity resolution of 0.17 km s−1 for the SWARM correlator.
The sources 3C273 and J2015+371 were used for bandpass
and gain calibration, while Uranus and Titan were used for
flux calibration. We used the Python scripts sma2casa.py
and smaImportFix.py3 to convert the raw SMA data to
CASA format and CASA version 5.1.1 to calibrate and im-
age the observations. Continuum visibility data at 1.3 mm
were constructed by a fit to the line-free channels and the
continuum was then subtracted from the spectral-line data.
To reduce the problems caused by missing short spacing
information, we used the SMT 12CO and 13CO J = 2−1 ob-
servation as an initial model for the CASA clean routine.
The model was created by interpolating and re-gridding
the SMT observations to match the SMA observations and
3 https://www.cfa.harvard.edu/sma/casa/
smoothing the velocity resolution of both SMA and SMT to
0.4 km s−1. The resulting clean images were then feathered
with the SMT observations to produce the final clean im-
age cubes. The rms levels for the CO observations and the
continuum are ∼ 0.038 Jy beam−1 and 0.002 Jy beam−1,
respectively.
3. Results
3.1. Dust continuum observations
The SPIRE observations at 250 µm, 350 µm, and 500 µm,
are used to derive the dust optical depth at 250 µm and to
estimate the H2 column density. We convolved the surface
brightness maps to a common resolution of 40′′ and applied
average colour correction factors described by Sadavoy et al.
(2013). The final colour temperatures are computed by fit-
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Fig. 2. Left panel: H2 column density map derived form the Herschel observations with the SCUBA-2 observations at 850 µm
shown as a contours. Labels C1-C3 indicate three compact sources revealed by SCUBA-2. Middle panel: the SCUBA-2 observations
at 850 µm. The circles and ellipses, S1-S7, show the largest substructures in the field and the red crosses show the two continuum
sources identified from the SMA observations. Right panel: a continuum map derived from the SMA observations, the contours
show the SCUBA-2 observations at 850 µm. The area in the right panel corresponds roughly with S1.
Table 1. Summary of the spectral lines that were observed with the single dish antennas.
Telescope Location Molecule Transition Rest frequency ∆Tmb(1) Detection
(GHz) (K)
PMO China 12CO J = 1− 0 115.3 0.07 Yes
PMO 13CO J = 1− 0 110.2 0.04 Yes
PMO C18O J = 1− 0 109.8 0.11 Yes
SMT USA 12CO J = 2− 1 230.5 0.02 Yes
SMT 13CO J = 2− 1 220.4 0.01 Yes
KVN South Korea H2O J = 6(1, 6)− 5(2, 3) 22.2 0.02 Yes
KVN CH3OH J = 7(0, 7)− 6(1, 6) 44.1 0.04 No
KVN HCO+ J = 1− 0 89.2 0.02 Yes
KVN N2H+ J = 1− 0 93.2 0.03 Yes
KVN H2CO J = 2(1, 2)− 1(1, 1) 140.8 0.02 Yes
Notes. (1) Rms values estimated over 25 channels.
ting the spectral energy distributions (SEDs) with modified
blackbody curves with a constant opacity spectral index of
β = 1.8. Although the exact value of the spectral index is
know to vary from cloud to cloud, β = 1.8 can be taken
as an average value in molecular clouds (Planck Collabo-
ration 2011a,b,c; Juvela et al. 2015). Furthermore, using a
constant spectral index has been shown to reduce biases in
the derived parameters (Men’shchikov 2016). The 250 µm
optical depth is given by
τ250 =
Iν(250µm)
Bν(Tc)
, (1)
where Iν(250µm) is the fitted 250 µm intensity and Tc is
the colour temperature. The data were weighted according
to 7% error estimates for SPIRE surface brightness mea-
surements. The hydrogen column density N(H2) was then
solved from
τν = κνN(H2)µˆ, (2)
where κν is the dust opacity and µˆ is the total gas mass
per H2 molecule, 2.8 amu. We assume a dust opacity of
κν = 0.1(ν/1000 GHz)
β cm2 g−1 (Beckwith et al. 1990).
The resulting H2 column density and colour temperature
maps are shown in Fig. 4. The central region of the clump
reaches column density of ∼ 4.0×1022 cm−2 and a temper-
ature of ∼ 12 K. The filament-like structures around the
clump are almost as dense and cold as the central region of
the clump, with column densities in the range [1−2]×1022
cm−2 and temperatures in the range [14 − 16]K. The as-
sumed error estimates cause an uncertainty of ∼ 1% in the
temperature and an uncertainty of ∼ 8% in the column
density. The filamentary structures are faint but appear to
be continuous in the Herschel images. The structures are
also visible in the 12 µm map obtained by the Wide-field
Infrared Explorer (WISE, see Fig. A.5), confirming that the
structures are continuous and extend several parsecs away
from the central clump.
The SCUBA-2 observations at 850 µm trace the dens-
est region of the clump and clearly show smaller dense sub-
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Fig. 3. Nine pointings observed with one of the KVN antennas,
numbers from 1 to 9, and the SMA pointings shown with circles
where the diameter corresponds to the FWHM of the antennas.
structures (labelled S2 to S7 in Fig. 2) above the central
clump. The densest ridge of the central clump, S1, has an
elliptical shape with the major axis along the northeast-
southwest direction. The 850 µm emission shows three sep-
arate intensity peaks in the central region of the clump,
but only one of the peaks, C1, has a corresponding point
sources in the WISE maps from 3.4 µm to 12 µm. The 450
µm map suffers from poor signal-to-noise ratio (S/N), only
the brightest peak of the 850 µm map can be identified,
thus, we only use the 850 µm map in our analysis.
3.2. Spectral lines
Shown in Fig. A.1, are the N2H+ spectra from the KVN
pointings shown in Fig. 3. We used the GILDAS/CLASS
software to make a hyperfine fit to the spectra to estimate
the central velocity and the FWHM of the line. For posi-
tions 1 to 3 the central velocities increase from −2.10±0.03
km s−1, to−0.84±0.03 km s−1, and to 0.25±0.09 km s−1, re-
spectively. The corresponding FWHM values are 2.42± 0.1
km s−1, 2.29± 0.1 km s−1, and 1.5± 0.3 km s−1. The spec-
tra from positions 4-9 show variation in the central velocity,
with velocities in the range [−2.4, 2.3] km s−1 and FWHM
values in the range [0.7, 3.1] km s−1. However, the S/N of
the spectra from pointings 4-9 is low, and the fit fails to con-
verge for pointing 8, thus, the resulting hyperfine fits are
not accurate. The gradual shift in velocity is also seen in the
H2CO line, Fig. A.2, from ∼ −2 km s−1 to ∼ 1 km s−1. This
can indicate a streaming motion of material flowing along
the filaments towards the central clump, or away from the
clump (Oya et al. 2014).
We detected H2O maser emission at 22 GHz towards
pointings 1 and 9 with the KVN antenna. The H2O maser
spectrum of pointing 1 (Fig. 5), has four velocity compo-
nents lying within 7 km s−1 from the average velocity of
the dense gas, while the spectrum from pointing 9 has only
two, possibly three, components, at −3 km s−1 and at −7
km s−1. We estimate the isotropic luminosity of the maser
towards pointing 1, using Eq. (1) of Kim et al. (2018):
L22 = 2.3× 10−8L
∫
S22dν
Jy km s−1
D2
kpc
, (3)
where S22 is the integrated flux density of the H2O line
at 22 GHz and D is the distance to the source, for which
we assumed 2.3 kpc. The distance estimate is discussed in
Appendix B. The integrated flux density towards pointing
1 is ∼ 20 Jy km s−1 and the estimated isotropic luminosity
of the maser emission is L22 ∼ 2.43 × 10−6 L. Towards
pointing 1, we have also a clear detection of HCO+ (Fig.
A.3). The line profile of HCO+ shows a weak broadening
towards higher velocities. To quantify the asymmetry we
computed an asymmetry parameter δv defined by Mardones
et al. (1997)
δv = vthick − vthin/∆vthin, (4)
where vthick and vthin are the central velocities of the op-
tically thick and thin lines, for which we use the HCO+
and N2H+, respectively, and ∆vthin is the FWHM of the
optically thin line. For the N2H+ line we use the results
of the hyperfine fit from position 1 and for the HCO+ line
we estimate a central velocity of −2.95 km s−1, resulting in
an asymmetry value of δv = −0.35. For asymmetric lines,
Mardones et al. (1997) used the criterion |δv| > 0.25, thus
in our case, the HCO+ line has a clear blue asymmetry. The
detection of a H2O maser and the asymmetry of the HCO+
line (Fuller et al. 2005), are suggestive of star-formation
activity in the clump.
Shown in Fig. 6 are 13CO J = 1 − 0 spectra extracted
from the PMO observations towards the KVN pointings.
The spectral profiles from all nine points are very broad
showing emission in the range [−5,5] km s−1. Several line
profiles show clear asymmetry and can not be fitted with
a simple Gaussian profile. Furthermore, the spectra from
the northern side of the region, P5-P8, show a separate ve-
locity component at ∼ 7 km s−1. Spectra from SMA 12CO
observations (Fig. 7) have been extracted from the locations
shown in Fig. 8 which show similar broad emission as the
PMO observations. The main emission in the SMA observa-
tions is in the range [−5,0] km s−1 and the spectral profiles
show clear inverse P-Cygni profiles for cores C1 and C2,
an indication of infalling material. Furthermore, the SMA
spectra C3A and C3B have broad wings extending up to ∼
−15 km s−1, which can indicate outflows from the compact
source C3. The spectra from C1 and C2 also have wings in
the line profile, but they are not as broad as for C3. The
spectra C3A also has a separate weak velocity component
at 7 km s−1.
3.3. Kinematics
Integrated intensity and velocity maps from Gaussian fits
to the PMO 12CO and 13CO J = 1 − 0 observations show
two or three filamentary structures and the central clump at
clearly lower average velocity (Fig. 9 A-F). The integrated
intensity maps are computed over the range [−6, 10] km s−1
(panels A and D), and show that the central clump appears
elongated along south east-north west direction, while two
of the filamentary structures point towards north-east(F1
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Fig. 5. H2Omaser emission detected from
pointings 1 and 9 (see Fig. 3) using the
KVN antenna.
and F2 in Fig. 4). A possible third filament F3 extends
towards west. However, it is not evident in the 13CO ve-
locity maps, furthermore the line width maps of the 12CO
line show extremely broad line widths and a higher veloc-
ity at the western side of the region compared to the clump
or filaments F1 and F2. Thus the filament F3 is likely a
completely separate velocity component on the same line
of sight.
Shown in Fig. 9 G-H are the moment maps of the 13CO
J = 2 − 1 observations from the SMT. Compared to the
13CO observations from PMO, the integrated intensity and
the velocity maps are similar showing wider line widths on
the eastern side of the clump. However, there appears to
be a coherent structure at the southern side of the clump
in the velocity and the line width maps, which is not seen
in the PMO maps. Furthermore, in the integrated intensity
map (integrated over the range [−5.5, 4.5] km s−1), panel
G, the clump appears to be elongated towards north west-
south east, whereas in the dust continuum maps (Fig. 2),
the clump is more elongated in the north east-south west
direction. The FWHM maps from both SMT and PMO,
Fig. 9 panels C, F, and I, show coherent line widths for the
clump and the filaments F1 and F2.
Shown in Fig. 10 are the PMO 13CO J = 1 − 0 line
observations integrated over 2 km s−1 wide velocity inter-
vals. The 13CO line shows a large spread in velocity, ranging
from −4 km s−1 to 5 km s−1, with the main emission seen in
range [−2, 0] km s−1 and the central clump is clearly seen in
the range [−4, 0] km s−1. Overall the 13CO line is concen-
trated around the main clump and traces the two or three
low density filaments. The 13CO J = 2 − 1 channel maps,
Fig. A.4, are similar to Fig. 10, showing the clump in the
range [−4, 0] km s−1, and tracing the filamentary structure
F2 in the range [0− 2] km s−1.
Shown in Fig. 11 are the SMA 12CO and 13CO J = 2−1
line observations integrated over 2.4 km s−1 wide velocity
intervals. The 13CO channel maps reveal three compact
sources in the range [−5, 1.5] km s−1, all associated with
an emission peak in the SCUBA-2 map. The contour maps
do not show any steep velocity gradients and they do not
show any evidence of filamentary structures in the largest
velocity bins as seen in the PMO observations, indicating a
more isotropic accretion on the point sources from the sur-
rounding medium. The SMA 12CO line shows more of the
diffuse emission but, similar to the 13CO observations, show
no trace of the filamentary structures continuing within the
clump.
To study possible velocity gradients in the field we draw
position-velocity (PV) maps along the lines shown in Fig.
12. The cuts were chosen to trace structures that appear
continuous and filamentary in the N(H2) map or in the to-
tal integrated intensity map of the 13CO line. For the PV
maps in Fig. 13, we use the PMO 13CO J = 1− 0 observa-
tions. In all three cuts a filamentary structure can be seen
in the range [0−2] km s−1 and the emission is seen as a con-
tinuous structure. The central clump is at a lower velocity
∼ [−2,−1] km s−1 than the filamentary structures. Fur-
thermore, in the vicinity of the clump, the 13CO emission
is clearly curved towards the clump, a possible indication of
infall or of material flowing out from the clump (Lee et al.
2000). The cut from point 3 to point 4 clearly shows a sep-
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Fig. 7. 12CO J = 2− 1 spectra obtained
with the SMA towards positions indicated
in Fig. 8.
arate velocity component at higher velocity, in the range
[6−8] km s−1, as previously shown.
3.4. Mass estimates
We compute the mass of the clump from both the Herschel
observations, and the SCUBA-2 observations. The mass can
be derived from the total hydrogen column density follow-
ing the equation
M = N(H2)Aµˆ, (5)
where µˆ is the total gas mass per H2 molecule, 2.8 amu and
A is the area of the region. With the assumed distance, the
mass of the central clump above a threshold of N(H2) =
2× 1022 cm−2 is ∼ 700M. To estimate the virial state of
the region, we use the N2H+ line and the equation
Mvirial =
kσ2R
G
(6)
(MacLaren et al. 1988), where k depends on the assumed
density distribution, G is the gravitational constant, and
R is the radius of the region. We assumed a density dis-
tribution with ρ(r) ∝ r−1.5, and thus, k ≈ 1.33 (Chan-
dler & Richer 2000; Whitworth & Ward-Thompson 2001).
The total velocity dispersion, σ, including thermal and
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Fig. 8. Locations within the central clump where we have ex-
tracted the SMA 12CO J = 2 − 1 spectra (white crosses). The
colour map shows the SCUBA-2 intensity at 850 µm.
non-thermal components, was calculated from the follow-
ing equation (Shinnaga et al. 2004)
σ =
√
kbTkin
µ
+
∆V 2
8 ln 2
− kbTkin
m
, (7)
where ∆V is the FWHM of the line used, m is the mass of
the observed molecule, and µ is the mean molecular mass,
2.33 amu, assuming 10% helium. We assumed a constant
kinetic temperature of Tkin = 15 K, which is an average
value over the region derived from the Herschel observa-
tions. The total hydrogen column density, the shapes and
radii of the regions, masses and virial masses of the regions
are summarised in Table 2. We use a Monte Carlo method
to compute the error estimates and assume normally dis-
tributed errors. The virial mass estimates for regions 4-7 are
uncertain due to low S/N ratio of the N2H+ observations.
The mass of the region can also be derived from the
SCUBA-2 observations. Following Hildebrand (1983), the
mass of the region is proportional to the integrated flux
density
M850 =
SdD
2
κ850B850(Td)
, (8)
where Sd is the flux density, D is the distance to the cloud,
B850(Td) is the Planck function at 850 µm with dust tem-
perature Td, and κ850 is the opacity at 850 µm. We use a
constant dust temperature of Td = 15 K and for dust opac-
ity we assume κν = 0.1(ν/1000 GHz)β cm2 g−1 (Beckwith
et al. 1990).
Integrating the surface brightness of the 850 µm band
over the central clump and assuming a distance of 2.3 kpc
gives an estimated mass of M850 = 230 M. The discrep-
ancy between the SCUBA-2 estimate and the estimate of
∼ 700M derived from theHerschel observations, is caused
by the spatial filtering of the SCUBA-2 maps (Chapin et al.
2013). The level of filtering depends on the source proper-
ties, with extended source suffering from heavier filtering
(Ward-Thompson et al. 2016; Liu et al. 2018). The SCUBA-
2 850 µm map is also used to compute the masses of the
three compact sources (C1, C2, and C3 in Fig. 2). Assum-
ing a simple circular geometry for the sources, the resulting
masses are 36, 13, and 49 M, for C1, C2, and C3, respec-
tively. The estimated virial masses of the compact sources
are 2.0, 1.6, and 2.95 M, where we have used the SMA
13CO J = 2 − 1 observations and Eq. 7 to compute the
velocity dispersion.
3.5. Young stellar object
The central clump is associated with the IRAS source
20160+3546, which is well aligned with the compact source
C1. We estimate the bolometric luminosity of the IRAS
source by making a modified blackbody fit to the dust con-
tinuum observations from both Herschel and SCUBA-2,
covering wavelengths from 70 µm to 850 µm. The inten-
sity at each wavelength is computed from a circular aper-
ture with a radius corresponding to two times the FWHM
of the observations and assuming a constant opacity spec-
tral index of β = 1.8. The resulting best-fit temperature is
Tf ∼ 25K and the luminosity of the IRAS source is ∼ 15
L.
4. Discussion
4.1. Cloud structure
Based on the Herschel and WISE images, the clump is
associated with parsec-scale, curved filamentary structures
or arms that appear to be crossing at the location of the
clump. The clump in turn may have formed as a result of
a collision of those large scale structures, as discussed in
Sect. 4.2. The clump has further fragmented to three cores.
Assuming a distance of 2.3 kpc (see Appendix B), the total
mass of the clump is ∼700M, which is ∼ 30% of the total
mass of the cloud, while the curved filamentary structures
have about 1/3 of the mass of the clump. The SCUBA-
2 observations have revealed three compact sources within
the clump with estimated masses in range [10,50] M.
4.2. Filamentary structures
The low resolution 12CO and 13CO J = 1 − 0 observa-
tions show that the central clump is located at a cross-
ing of two, possibly three, large-scale filaments. The line
emission shows a large spread in velocities over a range of
∼ 10 km s−1 over the whole region, while the main emis-
sion around the clump is seen in range [−4, 0] km s−1. The
two main filamentary structures are seen in the velocity
range [0, 2] km s−1, and a possible third fainter filament
or separate velocity component in the range [3,4] km s−1.
The PV diagrams of 13CO J = 1 − 0 line show that the
filaments are continuous structures and appear curved to-
wards the clump in the PV diagrams. The curvature in the
PV maps can be interpreted as material flowing towards
the central clump. Furthermore, the N2H+ spectra towards
pointings 1 to 3 show a clear shift in velocity, which can
be interpreted as a streaming motion. Thus, as the clump
is found at a crossing of filaments, and since the filaments
are connected, at least kinematically to the clump (see Fig.
13), the clump may have formed through compression by
colliding filaments and is still accreting material along the
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Fig. 11. SMA 12CO (upper row) and
13CO (lower row) J = 2 − 1 line obser-
vations (red contours) integrated over 2.4
km s−1 wide velocity intervals and plotted
over the SCUBA-2 observations at 850 µm.
The numbers in the lower left corner show
the center of the velocity bin and the num-
bers at the top show the maximum inten-
sity of the bin. The beam size is indicated
by the blue ellipse in the lower right cor-
ner. The white crosses show the location of
the three compact sources.
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Fig. 12. Positions and directions (black arrows) of the position-velocity maps shown in Fig. 13.
filaments. The curved structures seen in the Herschel ob-
servations could then have formed by converging flows or
by fragmentation within the collapsing cloud. However, at
smaller scales, the SMA observations do not show the fila-
mentary structures connecting to the compact sources seen
within the clump, but rather the SMA observations seem
to trace a shell like structure around the central clump, in-
dicating a more isotropical mass accretion on the compact
sources. This combination of large scale filamentary struc-
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Fig. 13. Position-velocity maps of the 13CO J = 1− 0 line drawn along the lines shown in Fig. 12.
Table 2. Physical parameters of the regions indicated in Fig. 2. The shape of the region, radius, average H2 column density,
velocity dispersion, estimated clump mass, and virial mass. A distance of 2.3 kpc pc is assumed in the mass estimates of columns
6 and 7.
Radius N(H2)(1) σN2H+ Mc
(1) Mvirial(N2H
+)
Region Shape ′′ (1022 cm−2) (km s−1) (M) (M)
S1 Circle 54 2.63 ± 0.03 1.02 ± 0.22 700 ± 19 220 ± 13
S2 Ellipse 72 × 36 1.44 ± 0.02 0.67 ± 0.31 340 ± 11 10 ± 2
S3 Ellipse 36 × 60 1.13 ± 0.03 0.37 ± 0.15 220 ± 7 3 ± 1
S4 Ellipse 72 × 36 1.12 ± 0.01 0.82 ± 0.30 260 ± 11 14 ± 3
S5 Circle 35 1.57 ± 0.02 1.34 ± 0.41 80 ± 8 37 ± 8
S6 Circle 35 1.26 ± 0.04 0.66 ± 0.19 65 ± 6 8 ± 2
S7 Circle 40 0.93 ± 0.05 0.71 ± 0.11 50 ± 2 10 ± 3
Notes. (1) Estimated from the Herschel observations.
tures and smaller scale isotropic accretion conforms with
the hybrid model discussed by Myers (2011).
A rough estimate can be derived for mass accretion
along the substructure S2 onto the central clump, by as-
suming a simple relation of a core accreting material along
a cylindrical structure (following roughly López-Sepulcre
et al. 2010)
M˙ =
Mf Vˆ
Lf
, (9)
where Mf is the mass of the filamentary structure, Lf is
the length of the filament, and Vˆ is the velocity. For the
length and mass of the filament we use values of Mf =
340M and Lf = 1.5 pc, corresponding to the substructure
S2. As for the velocity we use a value Vˆ = 1.85 km s−1,
the difference between the velocity of the N2H+ hyperfine
components from pointings 1 and 3. With the above values,
we estimate an accretion rate of 4.3 × 10−4 Myr−1. The
derived accretion rate is similar to the values reported by
Lu et al. (2018) from their observations of high mass star
forming regions and similar to the value estimated by Myers
(2009). Thus, the estimated mass accretion rate is sufficient
for intermediate-mass and even high-mass star formation.
4.3. Compact sources
The central clump is associated with the far-infrared source
IRAS 20160+3546. WISE observations show that the cen-
tral region, which was unresolved by IRAS, contains several
near-infrared (NIR) and mid-infrared (MIR) sources within
the central region of the clump. The WISE observations at
3.4 µm and 12 µm are shown in Fig. A.5. Furthermore,
the SCUBA-2 maps at 850 µm show three compact sources
within the central clump, but the SMA observations show
two continuum sources and three point sources in 13CO,
within the clump. The distances between the three sources
are between 0.3 and 0.5 pc, which is close to the Jeans’
length (Chandrasekhar & Fermi 1953)
λJ =
√
pic2s
Gρ
(10)
where cs is the sound speed, G is the gravitational constant
and ρ is the density. Assuming a temperature of 15 K, the
sound speed is cs = 0.21 km s−1, and inserting an average
value of ρ over the central clump ρ = 1.65× 10−20 g cm−3,
one gets a Jeans length of λJ = 0.35 pc.
One of the SMA continuum sources, C1, is clearly seen
in the 13CO and has a clear counterpart in all four WISE
channels. The second continuum source, C2, is associated
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Table 3. Summary of detections towards the compact sources
C1-C3.
C1 C2 C3
13CO Yes Yes Yes
Continuum Yes Yes No
SCUBA-2 Yes Yes Yes
WISE 3.4 µm Yes No No
WISE 4.6 µm Yes No No
WISE 12 µm Yes No No
WISE 22 µm Yes No No
Hα(1) No No Yes
r(1) No No Yes
i(1) No No Yes
Notes. (1) Hα, r, and i band photometry are from the IPHAS
survey.
with broader 13CO emission and has no clear counterparts
in the MIR, although the source is close to an extended
source seen in the WISE 3.4 and 4.6 µm maps. On the other
hand, the third source, C3, is not seen in SMA continuum
but is seen in SMA 13CO observations. The source C3 is
not seen in MIR, but at 3.6 µm and 4.6 µm there is a
point source close to the location of C3. However, this point
source is likely a foreground star as it can be identified in
the r, i, and Hα band photometry from the IPHAS survey
(The INT Photometric Hα Survey of the Northern Galactic
Plane, Drew et al. 2005). Furthermore, all three sources
have clear counterparts in the SCUBA-2 map at 850 µm.
Thus, it seems that the clump is forming a cluster of at
least three stars, all of which are likely in different stages
of evolution, judging from the differences in the wavelength
coverage. The differences in detections are summarised in
Table 3.
4.4. Star formation
The H2O maser spectrum detected with the KVN antenna
has four velocity components lying within 7 km s−1 of the
average velocity of the dense gas. The central velocity com-
ponent of the H2O maser at ∼ −3 km s−1 corresponds to
the average velocity of the CO lines. Similarly, the H2O ve-
locity component at ∼ 4 km s−1, corresponds to a velocity
component seen in the SMA CO spectra. However, the H2O
component at −7 km s−1 is only seen in the SMA CO ob-
servations towards the KVN pointing 2. Furthermore, the
HCO+ spectrum has an asymmetric line profile which can
indicate an outflow, although the asymmetry is weak. On
the other hand, the SMA 12CO J = 2− 1 line shows clear
inverse P-Cygni profiles towards two of the thee compact
sources (see Figs. 8 and 7) and the C1 and C3 have broad
wings in the line profiles. All these features are signatures
of star formation.
Several studies have reported a correlation between the
bolometric luminosity of a source and the isotropic luminos-
ity of a H2O maser (Bae et al. 2011; Brand et al. 2003; Fu-
ruya et al. 2003). We estimated the isotropic luminosity of
the H2O maser towards pointing 1 to be L22 ∼ 2.43× 10−6
L and derive a bolometric luminosity of 15 L for the
IRAS source. Assuming that the H2O maser towards point-
ing 1 and the IRAS source are connected, we compare the
above values with Fig. 9 from Bae et al. (2011), which place
our source at the lower end of intermediate mass YSOs, but
with a noticeably higher maser luminosity. However, con-
necting the H2O maser with one of the compact sources is
not straightforward since the beam size of the KVN antenna
at 22 GHz is ∼ 120′′, which for pointings 1 and 9 covers the
entire central clump. Only one of the compact objects, C3,
shows emission at velocities lower than -6 km s−1 in the
SMA 12CO spectra. On the other hand, since the compo-
nent at ∼ 4 km s−1 is only seen towards pointing 1, it is
possible that the clump has two maser sources.
The maser emission, requiring densities of ∼109 cm−3
and temperatures around 500 K (Elitzur et al. 1989), is
probably caused by shocks in places where protostellar jets
hit the surrounding cloud. However, the SMA CO channel
maps and spectra show only weak signs of outflows within
the clump. On the other hand, because the H2O profile
from pointing 1 has three or four symmetric components,
the maser emission can be produced by an accretion disk
(Cesaroni 1990). A more detailed study would be required
to draw conclusions on the nature of the maser emission,
but the low temperature and feeble signs of other stellar
feedback inside the central clump indicate that the pro-
cesses leading to star formation have just recently begun.
5. Conclusions
We have studied a star forming region G074.11+00.11. The
region comprises a large central clump and several filamen-
tary structures and smaller arms that appear to be inter-
connected. The central clump is nearly circular, but the
densest ridge is clearly elongated from north east to south
west and is aligned with a low density filamentary struc-
ture. Furthermore, our molecular line observations show
that the filamentary structures are kinematically connected
with the central clump. Thus, the clump seems to have
formed trough a collision of structures at larger scale. The
main results of our study are:
− Based on the Herschel and SCUBA-2 observations, the
mass of the central clump is ∼ 700 M, assuming a dis-
tance of 2.3 kpc. The filamentary structures surrounding
the central clump have masses in the range [50,340]M
and the total mass of the region is well in excess of 2500
M.− The central clump harbours an IRAS point source which
in our SCUBA-2 and SMA observations is resolved into
three compact objects. Two of these are associated with
SMA continuum sources and all three can be identi-
fied from SMA CO observations and from the SCUBA-
2 observations. However, the three sources behave very
differently at WISE wavelengths, a possible indication
of different evolutionary stages. We derive a bolomet-
ric luminosity of ∼ 15 L for the IRAS source and an
estimated temperature of ∼ 25 K.
− The 12CO and 13CO lines are broad, with velocities
ranging from −10 km s−1 to 5 km s−1, while the main
emission peak is at −4 km s−1. Based on the low-
resolution PMO and SMT observations, the CO lines
do not show separate velocity components, but rather
a smooth velocity gradient over the field. The velocity
gradient is also visible in the position-velocity diagrams
drawn through the central clump.
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− The molecular line spectra along the surrounding fila-
mentary structure S1 show a shift in velocity towards
the central clump, indicating an ongoing material flow
towards the central region of the clump. However, the
SMA observations do not show filamentary structures
within the clump, thus, any accretion on the compact
sources within the clump is likely to proceed isotrop-
ically rather than along filaments or through filament
fragmentation. The present observations therefore con-
form with the "hybrid" cluster formation models sug-
gested by Myers (2011) that are isotropic on small scales
but filamentary on large scales.
− We have detected a weak water maser towards two
pointings within the central clump, with an estimated
isotropic luminosity of L22 = 2.4 × 10−6 L. The wa-
ter maser has four velocity components in the range
[−10,5] km s−1, with the central velocity component at
−4 km s−1, which is well aligned with the main CO ve-
locity component. The water maser is likely connected
to a weak outflow or generated by an accretion disk.
However, because of the large beam size, the exact lo-
cation of the maser can not be distinguished.
− The molecular line spectra extracted from the com-
pact sources show inverse P-Cygni profiles characteristic
of infall, and asymmetries indicating accretion or low-
velocity outflow. Together with water maser emission,
these features signify ongoing star formation. However,
the present data show no evidence for high-velocity out-
flows. We therefore suggest that the region represents a
very early stage where feedback from newly born stars
has not yet taken effect.
In order to properly study the dynamics, and possible
accretion along the filaments, a more detailed large scale
molecular line study would be beneficial. For example map-
ping the entire SCUBA-2 region with high density tracers,
such as N2H+, could be used to study and model the region
in much higher detail.
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Fig. A.1. N2H+ spectra towards the nine
pointings shown in Fig. 3. The red curves show
fits to the hyperfine structure of the line com-
ponents. For pointing 8, the fit fails to con-
verge.
Appendix A: Additional figures
Figures A.1 and A.2 show the N2H+ and H2CO spectra
extracted from the nine pointings shown in Fig. 3 using
the KVN antenna. Only the spectra from pointings 1 to 4
is used in our analysis as the S/N ratio of the pointings
5-9 is low. Shown in Fig. A.3 is the single HCO+ spectra
extracted from pointing 1.
Shown in Fig. A.4 are the PMO 13CO J = 2 − 1 line
observations, integrated over 1.0 km s−1 wide velocity inter-
vals. The underlying colour map is the H2 column density
map, derived from the Herschel/SPIRE observations.
Shown in Fig. A.5 are the 3.4 and 12 µm observations
from the WISE satellite. The central clump is associated
with several NIR/MIR point sources and is seen in absorp-
tion at 12 µm. The SCUBA-2 observations trace extremely
well the regions seen in absorption.
Appendix B: Distance estimation
To estimate the mass of the region, a reliable distance es-
timate is needed. The distance reported in the PGCC cat-
alogue is 3.45 kpc (Planck Collaboration et al. 2016). This
is derived from NIR extinction. On the other hand, assum-
ing a VLSR = −2 km s−1 for the clump, a Bayesian dis-
tance estimate (Reid et al. 2016) with no prior information
whether the source is located near or far, Pfar = 0.5, gives
the highest probability (P = 0.9) for a distance of 4.3 ±
0.7 kpc. The second and third highest probabilities given
by the Bayesian method are 2.4 and 1.3 kpc, both of which
have a similar probability (P = 0.05 and P = 0.03, respec-
tively). However, estimating distances from kinematics can
be unreliable in the Galactic Plane, thus, we derive an inde-
pendent estimate for the distance using a three dimensional
extinction method (Marshall et al. 2006). The best fit from
the method gives two components in the line-of-sight, one
at 0.96 ± 0.07 kpc and one at 2.3 ± 0.1 kpc. The estimated
visual extinction values given by the method for these com-
ponents are Av = 1.7 magnitudes and Av ∼ 10 magnitudes,
respectively.
Since the above methods give three possible distances,
although the probability from the Bayesian estimate for the
distance of ∼ 2 kpc is low, we derive a third independent
estimate from the Gaia observations (Gaia Collaboration
et al. 2016). The Gaia data release 2 (DR2 Gaia Collabo-
ration et al. 2018) gives the positions, parallaxes, and mag-
nitudes for more than 1.6 billion sources, and provides an
excellent tool for distance estimation.
Shown in Fig. B.1 are the locations of ∼1000 stars
that are used in our distance estimation. The stars were
selected from the DR2 catalogue based on two criteria:
the value line-of-sight extinction in G band is not nega-
tive AG > 0, and the parallax-over-error is larger than five
ω¯/σω¯ > 5. The parallaxes were then converted to distances
by r = 1/ω¯, where ω¯ is given in seconds of arc. However, as
discussed by Bailer-Jones (2015); Luri et al. (2018), a priori
assumptions or Bayesian methods should be used when de-
riving distance estimates from the parallax measurements
to get reliable distance estimates, but this exercise is be-
yond the scope of this paper. Furthermore, the AG values
reported in the DR2 catalogue are likely incorrect on the
star-by-star level, but they should be usable for larger scale
studies (Andrae et al. 2018).
The resulting distance as a function of AG are shown in
Fig. B.2 for two positions which we call ’Cloud’ and ’Ref-
erence’ and are indicated in Fig. B.1. The Cloud position
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Fig. A.2. H2CO spectra towards the nine
pointings shown in Fig. 3.
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Fig. A.3. HCO+ spectra towards pointing 1 in Fig. 3.
covers our target G074.11+00.11. For the Cloud position
stars, the median value of AG over a 250 pc wide bins (the
black-blue line) is relatively constant until a distance of ∼1
kpc, after which the extinction rapidly increases by a fac-
tor of ∼ 4 to a median value of 2.3 mag at ∼2 kpc. For the
Reference position stars (black-orange line), the increase of
extinction is not as steep, reaching a median value of 1.5
mag at 2 kpc.
Thus, assuming that the increase in the AG is caused
only by increasing column density in the line-of-sight, the
lower limit for the distance to the region G074.11+00.11 is
∼ 1.25− 1.75 kpc. However, taking into account that both
the Cloud and Reference positions show an almost constant
median value of AG at a distance of ∼2 kpc and that the
best fit from the extinction method is at ∼2 kpc, we assume
a distance of 2.3 kpc for the cloud.
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Fig. A.4. Channel maps of the 13CO
J = 2− 1 line emission superposed on the
N(H2) map. The line observations, white
contours, are from the PMO and are in-
tegrated over a 1.0 km s−1 wide velocity
intervals. The velocity centroids are indi-
cated in the top righ and the maximum
integrated intensity in the channel is indi-
cated in the bottom left.
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Fig. A.5. 3.4 µm (left panel) and 12 µm (right panel) images of G074.11+00.11 obtained with the WISE satellite. The white
contours show the SCUBA-2 map at 850 µm. The WISE observations are in the native Digital Numbers (DN).
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Fig. B.1. Locations of the stars from the
Gaia DR2 catalogue used in our distance esti-
mation. The stars in our "Cloud" position are
indicated with black markers, and those in the
"Reference" position are indicated with red.
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Fig. B.2. Line-of-sight extinction in the Gaia
G-band as a function of distance. The black
and red points correspond to the markers
in Fig. B.1. The black-blue and black-orange
lines show the median value of AG, computed
over a 250 pc wide bins. The width of the blue
and orange area corresponds to the error of
the mean value of the data points within each
bin.
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